A cross-linked dimer of pancreatic ribonuclease A (ribonucleate 3'-pyrimidino-oligonucleotidohydrolase, EC 3.1. 
Various reports have suggested that pancreatic ribonuclease A (ribonucleate 3'-pyrimidino-oligonucleotidohydrolase, EC 3.1.4.22) can penetrate intact animal cells (1) (2) (3) (4) (5) (6) . High concentrations of ribonuclease A have been reported to inhibit tumor growth when the enzyme is injected into animals, and to interfere with ascites cell multiplication in culture (5) (6) (7) .
A synthetic dimer of bovine pancreatic ribonuclease A has been prepared by cross-linking (8, 9) . It has enzymic properties similar to those reported for the naturally occurring ribonuclease dimer from bovine seminal plasma (10, 11) , which has been shown to exert a cytostatic effect (12, 13) . The present research was initiated to determine whether the synthetic dimer is cytostatic to cells grown in culture. Binding of ribonuclease to the cell membrane and its endocytosis by different cell lines have been studied and compared with its cytostatic activity.
MATERIALS AND METHODS
Cell Cultures and Homogenization. Hepatoma tissue cells (HTC) are derived from Morris hepatoma 7288 C induced in Buffalo rats. The cells were grown at 370 in suspension according to Samuels and Tomkins (14) . Cells in logarithmic growth were harvested, washed three times with 0.15 M NaCl, and sedimented at 800 rpm for 10 Human skin fibroblasts were cultivated according to Leroy et al. (16) . Culture conditions, harvesting, and homogenization were as described for rat fibroblasts, except that cells were detached with 2.5 g/liter of trypsin.
Sarcoma cells (SR) were derived from a rat tumor induced by a Schmidt-Ruppin strain of Rous sarcoma virus. Our strain was issued by the American Type Culture Collection (ATCC-CCL 47). Eagle's culture medium (17) was used with 20% calf serum. Culture conditions, cell harvesting, and homogenization were as for HTC cells.
L-1210 leukemia cells were obtained from an experimental mouse leukemia transmitted intraperitoneally (18) . Cells were grown in suspension in medium 1640 from Roswell Park Memorial Institute, Buffalo, N.Y. (19) . Harvesting and homogenization were carried out as described for HTC cells.
Fractionation of HTC Cells. For analytical studies, homogenates were prepared from 5 X 108 cells. After homogenization, fractionation by differential centrifugation was performed according to the scheme. of de Duve et al. (20) , to yield a nuclear fraction N, a heavy mitochondrial fraction M, a light mitochondrial fraction L, a microsomal fraction P, and a final supernatant S.
Ribonuclease Dimer. The synthetic dimer was prepared by cross-linking with dimethyl suberimidate as described by Bartholeyns and Moore (8) . Specific ribonuclease activity of the dimer was 3000-4000 units/mg of protein, depending on the preparation. For inactivation of the enzyme, the dimer was alkylated by a modification of the procedure described by Crestfield et al. (21) itonin was added to the preparation; alkaline phosphodiesterase I (EC 3.1.4.1), according to Beaufay et al. (24) ; acid phosphatase (EC 3.1.3.2), as described by de Duve et al. (20) ; catalase (EC 1.11.1.6), according to Baudhuin et al. (25) ; protein by the method of Lowry et al. (26) , and N-acetyl-f3-glucosaminidase (3.2.1.30) according to Sellinger et al. (27) . When free activity was measured, 0.25 M sucrose was included in the reaction medium and detergent was omitted; the incubation time was kept at 10 min in order to minimize damage to particles. A cytotoxic effect could be observed after 20 hr, the cell number decreased, and some cell lysis occurred. We have verified that no apparent inhibition of DNA synthesis occurs in presence of dimer; measurement of thymidine incorporation showed a constant value per mg of protein up to 20 hr after addition of RNase; incorporation then dropped abruptly.
Materials
This inhibition of cell multiplication was observed at concentrations as low as 10 mg/liter of either active dimer or dimer inactivated with iodoacetate. These preparations were thus far more effective than RNase A, which had to be added at 500 mg/liter to produce a similar effect. Moreover, these experiments indicate that the enzyme activity of the dimer is not essential for its cytostatic effect, since inactivated dimer was equally effective. Uptake of RNase by hepatoma cells HTC cells were incubated for 1 hr at 0°or 370 in the presence of 50 mg/liter of RNase dimer or monomer, and then washed three times with 0.15 M NaCl. At 0°the amount of dimer retained by the cells was about 15 times the amount of monomer retained. Retention of dimer was 20% lower at 370, whereas that of the monomer was twice as high as at 00, although still only one-sixth of that of the dimer. If the washed cells were then grown again in suspension, duplication was blocked for cells incubated either at 0°or at 370 with RNase dimer. On the other hand, if washing was performed with whole culture medium, the amount of RNase remaining on the cells was much smaller and no more cytostatic effect could be detected. Fixation of RNase on the cell membrane, therefore, did not in itself induce a rapid process that blocked duplication. Uptake of RNase was followed during the time course of cell culture (Fig. 2) . RNase dimer was taken up by the cells treated with iodoacetate did not allow an accurate compari- son of the rate of uptake of the two forms of dimer, the results presented in Fig. 2 are consistent with an accumulation of inactivated dimer similar to that observed for the active dimer. This point was further verified using labeled dimer preparations (see also dimer can, therefore, probably be largely explained by a difference in uptake.
The results presented confirm also that the enzyme activity is not an essential factor for the antimitotic activity. Ribonuclease does not appear to act by breaking down some cellular RNA: uptake and cytostatic effects are the same, whether the dimer is inactivated or not.
Another important point shown in Table 1 is that the high specific uptake of the dimer was observed with three distinct types of tumor cells, but not with fibroblasts. More extensive observations on various cell types are necessary in order to indicate the degree of tumor cell specificity of the dimer. It is, however, striking that the ribonuclease dimer is devoid of toxicity in mice, even when injected at high doses (25 mg per animal), suggesting that a number of normal cell 
